basic understanding of healing tissue have reduced the myriad of available pitchers' programs to just three programs. They are for the following groups: children 12 years old and younger; children 13 to 14 years old; and high school, college, and professional players. These programs can be used for training and conditioning and can be applied across a wide range of pathologies. Key Words: Baseball pitching-College-High school-Interval throwing-Little league-Professional.
Baseball is a popular sport with more than 19,000,000 amateur players in the United States alone. 1 Thousands more play collegiate and professional baseball. Catastrophic injuries (death, paralysis) in organized baseball are rare and rule modifications have further improved the safety of the game. Less severe injuries do occur, however, and frequently result in time lost from practice and/or competition. The reported incidence of injury in collegiate baseball is 3.34 to 5.83 per 1000 athlete exposures. (An exposure is defined as one player participating in a single practice or game session.
2 ) The upper extremity of the body is the site of most baseball injuries, and pitchers are at the greatest risk for sustaining a throwing injury to the arm. Of the 599 injuries to baseball players reported for the 1997-1998 baseball season in the National Collegiate Athletic Association (NCAA) injury surveillance report, 156 (26%) of the injuries involved the pitcher. 3 In a 3-year study of a Division I college baseball program, McFarland and Wasik 2 reported 277 total injuries. Of these injuries, 140 (51%) involved the upper extremity. Despite a lower exposure rate, pitchers sustained 69% of the shoulder injuries resulting in lost practice or game time. 2 Traditional rehabilitation exercises for the shoulder and elbow are designed to increase strength and endurance of the dynamic stabilizers in an effort to decrease the stresses placed on the passive restraints. Rehabilitation programs after shoulder injury include posterior capsule stretch, strengthening exercises for the rotator cuff and scapular muscles, dynamic stabilization, concentric and eccentric exercises, open and closed kinetic chain activities, and plyometrics. [4] [5] [6] [7] [8] [9] [10] [11] Rehabilitation after elbow injury includes strengthening the elbow and wrist flexors and forearm pronators. 12 One difficulty with the rehabilitation exercises is that it is impossible to approximate the forces and torques placed on the joints without actually throwing the baseball. The only way to mimic the joint forces of a baseball throw is to actually throw the ball. However, allowing the injured pitcher to throw too much too soon will slow the rehabilitation process by over stressing the healing tissue. Although many of the rehabilitation programs for throwers suggest that an interval throwing program (ITP) should be implemented before returning to competition, [12] [13] [14] there are few published throwing programs in the literature and only one that is based on data. 15 The ITP modifications for each pathology encountered by pitchers also abound. 16, 17 Coleman et al. 18 defined criteria to determine a professional pitcher's readiness to return to play based on data collected from three professional baseball seasons. They advocated the use of a simulated game that included the average number of pitches per inning, innings pitched per game, time between innings and the preinjury pitch type by percentage of the pitchers they studied. This information can help determine the pitcher's game worthiness. However, it does not provide a stepwise progression to prepare the injured athlete for the simulated game.
Most pitching programs have long and short toss components and begin with throwing from level ground. Biomechanics of pitching are very similar on the mound and on level ground, except the shoulder joint torques are lower. 19 Axe et al. 15 developed an ITP for younger pitchers (ages 9-12 years), but this program cannot be used with older baseball pitchers. This is because the program is based on the average number of innings pitched as dictated by Little League Baseball rules and the dimensions of the Little League Baseball field, both of which are different from those of organized baseball at all other levels. In Little League play, 9 to 12-year-old players are allowed to pitch up to 6 innings per calendar week and the pitchers mound is 46 ft from home plate. Conversely, 13 to 14-year-old players are allowed to pitch up to 9 innings per calendar week, and adult players are allowed to pitch an unlimited number of innings. Most pitchers older than 12 years pitch from a standard Major League mound that is 60 ft 6 in from home plate. With the exception of the Little League program, the interval throwing programs (ITP) currently used by rehabilitation professionals are not based on data of the actual demands that will be placed on the pitcher's arm in a game. Instead, the programs are based on personal experiences and intuition regarding how quickly the athlete should return to pitching. 12 The purpose of this article is to describe interval throwing programs for progressive training or graded return of an injured pitcher to competition across the spectrum from Little League to Major League. The programs are based on game data, and rules for progression are universal and easy to apply.
METHODS

Data Acquisition
Pitching data for children 9 to 12 years old were collected over 70 games (400 half innings) of Little League baseball during a single baseball season. Number of pitches per inning, number of warm up pitches per inning, and innings and number of pitches thrown by each pitcher per game were recorded. These data and the Little League rules for field dimensions were used to construct the short toss component of the program.
Pitching data for 13 year olds were collected over 30 games (203 half innings) of Senior League baseball during a single baseball season. Number of pitches per inning, number of warm-up pitches per inning, and innings and number of pitches thrown by each pitcher per game were recorded. These data and the Senior League rules 20 were used to construct the short toss component of the program.
Pitching data for players 15 to 18 years old were collected over a single summer league season (234 innings). Pitching data were also collected over a single season (440 innings) for collegiate pitchers at a Division I school. Innings pitched and pitches per outing were counted separately for starting, relief, and closing pitchers. In addition, the average number of pitches per inning for all pitchers was recorded. The time between pitches, time per half inning, and number of pick-off attempts recorded for a professional baseball team were verified during the college games but were not recorded over the entire season.
Data for professional pitchers of the Houston Astros and their opponents had been gathered previously between 1983 and 1985. 18 For verification, the average number of pitches per game for all 89 pitchers in the Major League Baseball's American League who started more than 8 games in the 1987 season were calculated from available data. For comparison, the average number of pitches per game for all 90 pitchers in the Major League Baseball's American League who started more than 8 games in the 1999 season were also calculated from available statistics. The American League was used because it uses the designated hitter rule (like the youth, high school, and college leagues) that could affect utilization of pitchers.
Data for pitches per inning and innings per outing that had been collected previously for Little League age players were also included in the analysis.
Data Analysis
Number of innings per outing and pitches per inning for starting pitchers were compared across groups using an analysis of variance (ANOVA). Post-hoc testing was performed using a Tukey test. Significance was accepted if P < 0.05. All other data were analyzed descriptively because of differences in rules and game duration.
RESULTS AND PROGRAM DESIGN
The 13-year-old players and the Little League players pitched significantly fewer innings per outing than the other three groups (Fig. 1 ). They pitched a few more pitches per inning, but these differences were not statistically significant (Fig. 2 ). There were no significant differences between any of the other groups. The data for the 13-year-old players are summarized in Table 1 .
The percent of fastballs in the pitch mix decreased from 81% in the high school pitchers to 55.7% in the professionals. The data for the high school, college, and professional pitchers are summarized in Tables 2-4 . The number of pitches per outing for starting pitchers in Major League Baseball has decreased by an average of nearly 1 inning: number of pitches per outing was 6.33 in 1985 and 5.47 in 1999. In addition, the percent of complete games has decreased from 15% of starts in 1985 and 1987 to just 5.4% of starts in 1999.
The pitching volume for the 13-year-old players was significantly different from that of the older age groups. The pitching volume was very similar to that of the Little League athletes we studied previously. However, the rules and field dimensions and the need to progress to the high school volume within 2 years rendered the Little League program useless in addressing the demands placed on the 13-year-old pitcher. Therefore, two additional interval throwing programs for pitchers were developed from these data, including guidelines for progression through the programs. The high school, college, and professional pitching data closely matched. Thus, a single interval throwing program was created for these groups.
Starting pitchers pitched an average of more than three additional innings per game than the relief pitchers or closing pitchers at the high school, collegiate, or professional levels. The relief pitchers and closing pitchers pitched a similar average number of innings. 
FIG. 1.
Number of innings per outing compared among 13-year-old, high school, collegiate, and professional groups (P < 0.05).
FIG. 2.
Number of pitches per inning compared among 13-year-old, high school, collegiate, and professional groups (P < 0.05). 
Program Design
The throwing programs must help the athlete progress from no throwing to throwing at game volume. The program is divided in four phases: return to throwing, return to pitching, intensified pitching, and simulated game that progressively increase the loads on the throwing arm. 18 The pitching program begins with short throws at 50% effort and longer tosses from level ground to build arm strength and endurance (return to throwing). Once a base of long distance throwing is established, the pitcher begins pitching from level ground (return to pitching). The pitcher eventually advances to pitching while standing on the pitcher's mound (intensified pitching). Initially, the pitcher throws only fastballs at self-perceived intensities of 50% and 75% of maximum effort. Off-speed pitches (e.g., curve, change-up, slider) are incorporated after the pitcher has advanced to 75% of the expected game volume. The pitcher chooses the type of off-speed pitch based on preinjury pitch preference. Total throwing volume (number of throws times distance times intensity; exclusive of warm up and long tosses) increases in most steps (see Appendix 1). The program for relief and closing pitchers can end several steps earlier than the program for starting pitchers, because the expected game demands are lower for relief and closing pitchers.
The long-toss portion of the Little League program was designed based on maximum throwing distance. Preinjury maximum throwing distance, when known, is used as the maximum throwing distance for the program (Appendix 1). If only pitch speed and age are known, the long toss maximum distance can be found in Table 5 .
Program Progression
Soreness rules
Soreness rules (Table 6 ) play an important part in the progression of the ITP. These rules are used to determine how rapidly the pitcher can progress through the program and return to pitching in a game. The pitcher who is healing more slowly experiences soreness in the throwing arm (indicative of over stressing the soft tissues). The soreness rules base whether the pitcher will remain at the same step, progress to the next step, or drop down to the previous step on the presence and timing of the onset of pain.
Injuries
For the purposes of progression of the ITP, pitchers' injuries can be categorized into four groups. These include injuries that occur to areas of the body other than the throwing arm (e.g., back, knee), injuries to the throwing arm that do not involve the joints (e.g., hit by a ball), mild injuries to the joints (e.g., tendinitis), and severe injury to the joints (e.g., rotator cuff tear, postoperative injuries). First, the physician and rehabilitation professional must determine that the pitcher is sufficiently well healed and rehabilitated to withstand the demands of the lower steps of the ITP. 21 The ITP instructions base the step at which the pitcher begins throwing on the location and severity of the injury. Additionally, the time between throwing days is based on the type of injury (Tables 7, 8 ). After initiation of the ITP, progression is based on the soreness rules.
DISCUSSION
The ITP is not designed to replace other shoulder and elbow strengthening exercises but rather is a complement to the conditioning and rehabilitation programs. 7, 8, 10 Progression to sport specific activities is the final phase of rehabilitation of athletes with injuries. Upper extremity injuries in overhead throwing athletes primarily occur in the shoulder and elbow joints. Shoulder injuries include impingement, 4, [22] [23] [24] instability, 25 undersurface rotator cuff tears, [26] [27] [28] glenoid labrum tears, 29 and proximal humeral epiphyseal injuries in the skeletally immature thrower. 30 Common elbow injuries seen in overhead throwers include hypertrophy of the medial epicondyle, medial epicondyle avulsions, osteochondral defects of the capitellum, ulnar collateral ligament (UCL) laxity or rupture, olecranon osteophytes and loose bodies, and ulnar neuritis. [31] [32] [33] Pitching is the specific activity to which pitchers with injuries wish to return. Pitching requires the arm to produce and withstand enormous forces and torques. Muscles acting across the glenohumeral and elbow joints must generate forces equal to but opposite in direction of momentum to counteract the tendency for the arm to follow the ball toward home plate during the high-speed movement of arm deceleration. Fleisig et al. 34 quantified the forces generated by the dynamic stabilizers in healthy elite-level adult pitchers. During arm cocking, an anterior shear force of approximately one-half body weight (380N) is generated at the shoulder while a medial shear force of 300N and valgus torque of 64N are generated at the elbow. During arm deceleration, the shoulder muscles generate a posterior shear force of 400N, an inferior shear force of 310N, and a compressive force of 1090N to hold the humeral head in the glenoid recess. A compressive force of 900N is also generated at the elbow to counterbalance the distractive force after ball release. 34 A recent report 35 demonstrated similar joint forces and torques in youth, high school, college, and professional pitchers. Repeated exposure to these high stresses may lead to frequently encountered injuries, but these are precisely the forces that must be withstood if the pitcher is to return successfully to pitching after an injury or time off.
When clearing an athlete to begin an ITP, the health professionals must be sure that the healing tissues are strong enough to withstand the forces at the beginning of the program. Pathology and treatment dictate this. The start of an ITP is also influenced by the athlete's healing characteristics. The program begins with throwing from level ground at a 50% effort to decrease the stress on the healing tissue. Recent studies by Fleisig et al. 21 caution the health professional about an athlete's ability to estimate efforts. Their study of healthy pitchers requested to throw at 50% effort, generated ball speeds of 85% and forces and torques approaching 75% of maximum. A request for a 75% effort achieved speeds of 90% and forces and torques of 85% of maximum.
21
Although recent evidence suggests pitching mechanics do not differ substantially across age ranges, 35 our data suggest that the demands of the game are significantly lower for young pitchers. Unlike high school athletes and older players, young pitchers pitch fewer innings with only a slightly higher frequency of pitches per inning. Although some published interval throwing programs are similar to the one we have developed, to our knowledge, these are the first that are based on data collected systematically across a wide range of playing ages.
Our goal was to develop a data-based ITP for pitchers at all levels of organized baseball, which can be used for training and conditioning and be applied across a wide range of pathologies. To be useful for health professionals, coaches, and parents, the programs require some uniformity and should only vary from a set progression of throwing type (e.g., long toss, short toss) and volume when based on data rather than intuition. The programs described here gradually progress the athlete from no throwing to pitching in a simulated game. Starting points and progression rate are dependent on the pathology and the soreness rules, but the program itself does not change. The myriad of programs has been reduced to only three data-based programs that comprehensively address the demands of pitchers in organized baseball from Little League to the Major Leagues.
The interval throwing programs described in this article are progressive programs in which the intensity and/or number of pitches are increased each workout. Likewise the programs are practical and can be given to the athlete and coach or trainer to continue upon completion of the formal rehabilitation program. The pitcher can also use the program during the off-season or pre-season to prepare for the return to throwing. The incorporation of an ITP in the rehabilitation of a baseball pitcher better insures the safe return of the athlete to competition after injury. These progressive throwing programs require no special equipment. The use of soreness rules allows each pitcher to progress at an individualized manner to load the healing tissue in a graded fashion. The return to pitching can be initiated while the athlete is involved in a formal rehabilitation program and can be continued by To establish a base for training and conditioning, begin with step 3 and advance one step daily to step 14 following soreness rules. B. Non-throwing arm injury After medical clearance, begin step 3 and advance one step daily to step 16 following soreness rules. C. Throwing arm-Bruise or bone involvement After medical clearance, begin with step 1 and advance program as soreness rules allow throwing no more than every other day. D. Throwing arm-Tendon/Ligament injury (Mild)
After medical clearance, begin with step 1 and advance program to step 3 throwing every other day as soreness rules allow. Throw every third day on steps 4-8 as soreness rules allow. Return to throwing every other day as soreness rules allow for steps 9-16. E. Throwing arm-Tendon/Ligament injury (Moderate, severe, or post op)
After medical clearance, begin throwing at step 1. For steps 1-3, advance no more than 1 step every 3 days with 2 days of active rest (warmup and long tosses) following each workout.
Steps 4-8 advance no more than 1 step every 3 days with 2 days active rest (see step 11) following each workout. Advance steps 9-16 daily as soreness rules allow. 
Soreness Rules
-If sore more than 1 hour after throwing, or the next day, take 1 day off and repeat the most recent throwing program workout. -If sore during warmup but soreness is gone within the first 15 throws, repeat the previous workout. If shoulder/ elbow becomes sore during this workout, stop and take 2 days off. Upon return to throwing, drop down one phase. -If sore during warmup and soreness continues through the first 15 throws, stop throwing and take 2 days off. Upon return to throwing, drop down one phase. -If no soreness, advance one phase every throwing day. -Do not advance more than two phases per week.
Off Season Maintenance Program:
Throw 2-3 times per week at Phase VII or VIII with at least 1 day of rest between workouts.
In Season:
Day 0-Game Day 2-Throw Phase VII Day 1-Throw Phase III Day 3-Throw Phase IV
After an injury (When cleared by doctor):
Begin with Phase I. Take 2-3 days rest between sessions and advance as soreness rules allow.
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